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Univers
osting by E
cense.Abstract The in vitro cultivar of citrus contained 18.0% lipids after 12 weeks of germination of
seed. The lipid was analyzed by GC procedure for its fatty acid composition. The oil contained
seven major fatty acid constituents which were later identiﬁed by GC. The oil was further analyzed
for its classes by means of thin layer chromatography and gas chromatography. The major portion
of the lipid classes comprised of neutral lipids (93.9%) and polar lipids (6.1%). The identiﬁed neu-
tral lipids comprised of hydrocarbon (1.4%), wax esters (1.5%), sterol esters (5.2%), triglycerides
(52.3%), free fatty acids (1.3%), 1,3-diglycerides (6.0%), 1,2-diglycerides (5.0%), glycol (15.2%),
sterols (6.0%), 2-monoglycerides (6.4%), 1-monoglycerides (5.3%) and the identiﬁed polar lipids
comprised of phosphatidyl ethanolamine (1.8%) phosphatidyl choline (0.9%) lysophosphatidyl eth-
anolamine (1.8%) and phosphatidyl inositol (1.1%).
ª 2009 King Saud University. Open access under CC BY-NC-ND license.1. Introduction
Genus Citrus that belongs to the family Rutaceae is one of the
major fruits wide spread in the world. Citrus plants are culti-
vated in over 130 countries between 40N and 40S extending
to four million hectares (Starrautis, 1992). Orange and inter-
varietal hybrid citrus orange are the two most widely cultivated
fruits among the citrus group followed by lemon, lime and
grape fruit. The pulpy portion of the ripened fruit containslied Chemistry Research Cen-
ore 54600, Pakistan.
H. Akhtar).
ity.
lsevierK, Mg, Ca, sugar and citric acid. The members of the family
are strongly aromatic containing essential oil, hardy and
xerophytic characters (Muruslige and Skoog, 1962).
Expensive research work has been done on essential oil ob-
tained from the citrus fruit peels of citrus species and the oil
yield and fatty acid composition of citrus seeds (Sattar et al.,
1987) but no work has been reported on the lipid composition
and lipid classes of in vitro citrus cultivar. The study relates to
the adaptation of in vitro germination technique. This study
reports oil yield, fatty acid composition, and lipid classes of
the oil extracted from in vitro citrus (Bitters and Murashige,
1967) after 12 weeks of germination of seeds.
The technique used for in vitro plant germination not only
reduce growth time of plant but also helped in exploring an-
other non-conventional source of oil because Pakistan is rich
in production of citrus fruit and their seeds are the by-products
for extraction of oil. The present effort may be helpful to pro-
vide the nutritional rich edible oil from the by-products of
non-conventional sources to the consumers. Such efforts not
only increase the oil production but also provided value added
300 S. Mahmud et al.oil because the media used for the germination of the seeds
contained all the essential components along with the minerals
and salts essential for the proper growth and dietary require-
ment of 80% population of Pakistan who used oil and fat
for their energy source.
2. Experimental
2.1. Germination
Fresh fruits were purchased from the local fruit market. The
seeds of the healthy fruits were dipped in 70% ethanol and
shaked for 2 min. The ethanol was then discarded and 5%
commercial bleach was added. The mixture was shaken again
for 15–20 min. The seeds then placed on pre-sterilized ﬁlter pa-
per in petri dish for seed germination. Murashige and Skoog
(Muruslige and Skoog, 1967) basal medium (MS medium),
along with sucrose and agar (sucrose 30 g/L). Agar was used
for raising in vitro plants from the seeds of citrus fruits. The
pH was adjusted at 5.7–5.8 and the temperature was adjusted
at 25 C+ 2 C for growth. Illumination period was adjusted
at 16 h light/8 h dark period.
2.2. Extraction of lipid
The in vitro plants after the 4, 8 and 12 weeks of growth of
seeds were taken. They were cut into small pieces and then ﬁ-
nally crushed in a mechanical crusher. The ground and crushed
plant lipids were extracted with chloroform and methanol (2:1
v/v) by shaking on a magnetic stirrer for 30 min at room tem-
perature. The lipids thus obtained, after removing the solid
material ﬁltration, were treated repeatedly with the solvent
mixture of chloroform, methanol and sodium chloride
(0.9%) in the ratio of (3:48:47 v/v) to remove non-lipid impu-
rities (Waheed et al., 2001).
2.3. Separation of lipid classes by TLC
Thin layer chromatogram plates (20 · 20 cm) of silica gel
with 0.5 mm thickness were prepared for the separation
and identiﬁcation of lipids. The plates were activated by
heating at 105 C for 1 h. The solvent systems used for the
separation of the different classes of neutral as well as polar
lipids were hexane–diethylether–acetic acid (80:20:2 v/v)
and chloroform–methanol–ammonium hydroxide–water (60:
35:5:2.5 v/v), respectively (Javed et al., 2000). The non-
destructive locating reagent 2,7-dichloroﬂuorescein was used
which gave purple yellow colour bands under an ultraviolet
light at 366 nm.
The neutral lipids were separated into 11 classes while polar
lipids were separated into four classes by TLC. These classes
were identiﬁed by comparison of their Rf values with the
corresponding standards (Table 1). Among the neutral lipids,
the presence of sterols and sterol esters was also conﬁrmedTable 1 Yield of saturated and unsaturated fatty acids.
Fatty acid Yield (%)
Unsaturated 50.01
Saturated 49.92on TLC by spraying antimony trichloride reagent (Raie
et al., 1983). These compounds showed red violet colour after
heating the plates in an oven at 100 C for 10 min. Similarly
hydroxylamine ferric chloride reagent was sprayed to conﬁrm
the presence of different types of acylglycerols, which showed
purple colour under the above mentioned conditions (Javed
et al., 2002). Molybdenum blue reagent gave blue spots on
spraying and heating the TLC plates where phospholipids were
spotted. Later on, these phospholipids were further differenti-
ated as phosphatidyl ethanolamine and its lyso derivative,
which showed red violet spots with ninhydrin whereas phos-
phatidylcholine and phosphatidyl inositol gave orange and yel-
low colouration with the spray of Dragendorff and periodate
Schiff reagent, respectively (Ahmad et al., 1994).
2.4. Esteriﬁcation of different lipid classes and oil
The methyl esters of each lipid class and the oil, except that of
hydrocarbons and free sterols, were prepared by the use of
boron triﬂuoride–methanol solution (Raie et al., 1989). The
methyl esters of the fatty acids of lipids so formed were puri-
ﬁed by silica gel TLC using the solvent system hexane–diethyl
ether (90:10) (Muhammad et al., 2004), prior to gas chroma-
tography for the identiﬁcation of fatty acids.
2.5. Gas chromatography
The fatty acid composition of different classes was deter-
mined on Shimadzu GC-14A gas chromatograph, equipped
with a ﬂame ionization detector and capillary column
(25 m · 0.2 mm, i.d.) coated with polyethylene glycol. A
temperature programme for the column oven was 180 C
5-min–3 C/min–220 C, while the injector and detector
temperatures were maintained at 230 C and 250 C,
respectively. The peaks were recorded on Shimadzu C-R4A
chromatopac and identiﬁed by comparing their relative
retention times with those of authentic samples run under
similar conditions (Hifza and Hamid, 2008).
3. Result and discussion
The lipids extracted from the seeds of citrus in vitro plant are
18.0%. The yield was made free from unwanted materials by
using a special washing solvent mixture of chloroform, metha-
nol and aqueous NaCl. The oil yield is comparatively less than
the yield obtained from citrus seed (Mahmud et al., 2006).
The fatty acid proﬁle of oil of citrus in vitro plant (Table 1)
shows slightly higher percentage of unsaturated fatty acid
(50.01%) as compared to saturated fatty acid (49.92%) which
is according to earlier investigations on other varieties of same
family (Javed et al., 2000).
Among saturated fatty acid palmitic acids C16:0 was present
in high concentration (34.2%), and stearic acid C18:0 was also
present in huge amounts (10.22%). Oil contained good quan-
tity of unsaturated acids (49.92%). High percentage of unsat-
urated acid is the characteristic of good edible oil (Table 2).
Among unsaturated fatty acids C18:1 oleic acid waspresent in
higher concentration (39.46%). This is useful for human being
because it lowers HDL (high density lipoprotein) while main-
taining LDL (low density lipoprotein) which decreases CVD
(cardio vascular diseases) risk (Spiller, 1991; Penny et al., 1999).
Table 2 Fatty acid composition of lipid in citrus in vitro
plants.
Fatty acid Short name %
Myristic acid C14:0 5.48
Palmitic acid C16:0 34.2
Palmitoleic acid C16:0 2.45
Stearic acid C18:0 10.22
Oleic acid C18:1 39.46
Linoleic acid C18:2 8.01
Linolenic acid C18:3 Traces
Table 3 Yield of neutral and polar lipid of in vitro plants.
Cultivar Neutral lipid (%) Polar lipid (%)
In vitro plant 93.9 6.1
Table 4 Lipid classes in citrus in vitro plant.
Lipids Rf value %
Neutral lipids
Hydrocarbon 0.95 1.4
Wax ester 0.94 1.5
Sterol ester 0.73 5.2
Triglycerides 0.61 52.3
Free fatty acids 0.42 15.2
1,3-Diglycerides 0.34 6.0
1,2-Diglycerides 0.28 5.0
Glycolipids 0.24 3.0
Sterol 0.20 1.8
2-Monoglycerides 0.19 6.4
1-Monoglycerides 0.17 5.3
Polar lipids
Phosphatidyl ethanolamine 0.70 1.8
Phosphatidyl choline 0.51 0.9
Lysophosphatidyl ethanolamine 0.54 1.8
Phosphatidyl inositol 0.18 1.6
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centration of polar lipid in vitro plants of citrus.Table 5 Proportions of fatty acids in neutral and polar lipids of ci
Lipid class C14:0 C16:0
Hydrocarbon Traces 6
Wax ester 6.3 35.80
Sterol ester 3.3 36.2
Triglycerides 4.5 29.7
Free fatty acids 9.1 37.74
1,3-Diglycerides 6.2 36.7
1,2-Diglycerides 4.3 36.04
Glycolipids 3.07 37.80
Sterol 7.00 31.70
2-Monoglycerides 4.86 37.55
Phosphatidyl ethanolamine 5.1 24.7
Phosphatidyl choline 4.6 23.4
Lysophosphatidyl ethanolamine 6.0 30.7
Phosphatidyl inositol 3.7 29.4Fifteen lipid classes were separated from the oil of
C. reticulate. Citrus in vitro plant, comprising 11 neutral and
4 polar lipids. The percentage composition of these 15 lipids
classes is shown in Table 4, which comprises of hydrocarbons
(1.4%), wax ester (1.5%), sterol ester (5.2%), triglycerides
(52.3%), free fatty acid (15.2%), 1,3-diglycerides (6.0%), 1,
2-diglycerides (5.0%), glycolipids (3.0%), sterols (1.8%),
2-monoglycerides (6.4%), 1-monoglycerides (5.3%), phospha-
tidyl ethanolamine (1.8%), phosphatidyl choline (0.9%),
lysophosphatidyl ethanolamine (1.8%) and phosphatidyl
inositol (1.6%). The composition is very much different from
the composition of other varieties of the same family (Javed
et al., 1992) containing 71.0% of triglycerides.
Similarly both neutral and polar lipids of citrus in vitro
plant exhibited very high concentrations of oleic acid, palmitic
acid and linoleic acid in all the lipid classes. Proportions of
fatty acids of polar and neutral lipids of all classes are shown
in Table 5.
Due to health promoting fatty acid composition discussed
in detail, it may be good alternative of vegetable ghee/satu-
rated fat. Stearic acid found in high amount but percentage
has no effect on blood lipids and lipoprotein.
Palmitic acid present in greater amount, so greater triglyc-
erides are synthesized because palmitic is preferentially synthe-
sized into triglyceride (Ahren and Keys, 1957). High amount
of oleic acid is present in all the classes which lower HDL while
maintaining LDL (Remon and Hidaka, 1984) and also helpful
in the synthesis of essential fatty acids. Linoleic acid present in
all classes reduces plasma lipoprotein by directing fatty acid
metabolism away from the synthesis and towards oxidation
it down regulate gene that control fatty acid and cholesterol
synthesis (Hamid et al., 2006; Muruslige and Skoog, 1962).
This study indicates that the non-conventional source of the
citrus in vitro plant can generate a good source of edible oil
which fulﬁll complete nutritional value of the oil because the
media provided for the plant growth contained all the essential
minerals, salts and amino acids (Akhtar et al., 2006). It is note-
worthy that the higher yield of palmitic acid can replace the
processing of hydrogenation and the oil itself use as ghee/fat
in confectionaries, bakery, etc. It is therefore, imperative that
cultivation of citrus in vitro plants be promoted by the agricul-
tural department to enhance the availability of edible oil in the
country.trus in vitro plant.
C16:1 C18:0 C18:1 C18:2
– – – –
4.0 9.3 36.6 8.0
9.0 10.6 30.0 10.9
1.0 16.25 37.6 11.0
1.0 18.1 30.01 4.0
1.2 7.41 42.5 6.0
0.1 16.0 47.5 6.0
1.5 10.0 37.0 11.0
2.0 9.8 44.5 5.0
3.1 3.9 50.60 10.0
6.4 18.6 33.1 13.3
6.1 16.4 35.6 14.2
6.4 9.1 36.9 10.8
4.3 4.3 37.3 10.8
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